ABSTRACT Background There has been limited research investigating the relationship between injurious falls and hospital resource use. The aims of this study were to identify clusters of community-dwelling older people in the general population who are at increased risk of being admitted to hospital following a fall and how those clusters differed in their use of hospital resources. Methods Analysis of routinely collected hospital admissions data relating to 45 374 fall-related admissions in Victorian community-dwelling older adults aged ≥65 years that occurred during 2008/2009 to 2010/2011. Fall-related admission episodes were identified based on being admitted from a private residence to hospital with a principal diagnosis of injury (International Classification of Diseases (ICD)-10-AM codes S00 to T75) and having a first external cause of a fall (ICD-10-AM codes W00 to W19). A cluster analysis was performed to identify homogeneous groups using demographic details of patients and information on the presence of comorbidities. Hospital length of stay (LOS) was compared across clusters using competing risks regression.
INTRODUCTION
Falls among older adults are an increasing problem, with up to 30% of older people living in the community falling each year 1 and around 1 in 10 of all falls resulting in fracture. 1 2 Falls can have severe consequences, resulting in losses in confidence, mobility and independence contributing to decreased quality of life 3 4 and they can also have significant financial implications. For example, the predicted fall-related healthcare burden in Australia is expected to increase to at least A$1375 million per year over the next few decades unless effective prevention and lower treatment costs occur. 5 6 Despite substantial evidence for effective falls prevention interventions for community-dwelling older people, 1 both numbers and rates of all falls-related hospital admissions among older people have been increasing in developed countries. 7 This suggests that the research evidence has not yet been incorporated into falls prevention practice and the public health benefit of falls prevention is yet to be fully realised. Previous research has shown a 'one-size-fits-all' approach to falls prevention is not the solution and that falls prevention interventions may need to be specific to particular groups to be effective. 8 A key challenge that now exists for falls prevention in older people is the effective delivery and uptake of evidence-based falls prevention interventions. 9 10 There has been considerable research on identifying people who have an increased risk of falls and fall-related injury. In contrast, there has been limited research investigating the relationship between injurious falls and health outcomes. For example, some groups of people at high falls risk may have longer hospital stays following a fall event, and hence use more hospital resources and incur greater healthcare costs. Understanding the factors that impact on the healthcare outcomes associated with injurious falls, such as comorbidity, could be used to optimise the targeting and delivery of falls prevention interventions, assuming that falls prevention interventions are equally beneficial across these subpopulations. 8 11 The aims of this study were to identify clusters of community-dwelling older people in the general population who are at increased risk of being admitted to hospital following a fall and identify how those clusters differed in their use of hospital resources, based on hospital length of stay (LOS). Identification of these clusters can inform the targeting of future well-defined population-level interventions and programmes for falls prevention to reduce the impact of fall-related injuries on hospital resources. The contribution of the presence of comorbidities in individuals within these clusters was of particular interest. This study is part of a larger partnership project aimed at generating and integrating evidence to facilitate better targeting of available falls prevention investment. 12 Other evidence generated from that partnership project will be used to facilitate improved targeting of evidence-based falls interventions to groups of older people who are most frequently hospitalised for fall-related conditions.
METHODS Data source and case selection criteria
The Victorian Admitted Episodes Data Set (VAED) was used for this research. The VAED comprises data on episodes of patient admission to acute hospitals, both public and private, in the state of Victoria, Australia. Victoria is the second most populous state in Australia with a population of 5.713 million. 13 A large proportion of the Victorian population (73%) live in the metropolitan capital city, Melbourne. 13 Episodes of admissions for falls in Victorian community-dwelling adults, aged 65+ years, that occurred during the three financial years 2008/2009 through 2010/2011 were identified on the basis of being admitted from a private residence to hospital with a principal diagnosis of injury (International Classification of Diseases (ICD)-10-AM codes S00 to T75) and having a first external cause of a fall (ICD-10-AM codes W00 to W19). Episodes were excluded if the fall occurred in an aged care facility, if the patient was indigenous or if they resided outside of Victoria. The effect of comorbidity begins at a younger age in indigenous people, so they were excluded in this analysis of ≥65 year olds. Fewer than 0.3% of people aged 65+ years are indigenous. 13 Duplicate records and readmissions from a previous falls-related incident were reduced by excluding admissions to a rehabilitation hospital, transfers from other hospitals, readmissions to the same hospital within 30 days and admissions that were coded as statistical separations.
Demographic and clinical information were extracted from the VAED for each episode of care. LOS was measured from the time of admission to separation, for the first admission for a fallrelated injury. The prevalence of comorbidity was based on the presence of at least one recorded comorbidity at the time of the patient's first fall-related injury admission. Comorbidities were defined as medical conditions present at the time of admission and identified as a primary or pre-existing condition, or as an associated condition not treated during the stay in hospital. Medical conditions defined as comorbidities in this study were those included in the Charlson comorbidity index (CCI).
14 In addition, we included conditions identified as falls risk factors in the literature for which ICD-10 AM coding was available.
Statistical analysis
A cluster analysis was performed to identify homogeneous groups using demographic details of patients as well as information on comorbidities. A two-step cluster analysis procedure with a log-likelihood distance measure 15 16 within IBM SPSS Statistics (V.20) was used because it is appropriate for large data sets with categorical data. The number of clusters was determined automatically using the Bayesian information criterion. 16 The average silhouette measure of cohesion and separation (which ranges from −1 to+1) was used to indicate overall goodness of fit. Positive values indicate that the average distance between cases in a cluster is smaller than the average distance to cases in other clusters, and are thus desirable. 17 There is little guidance in the published literature regarding interpretation of the magnitude of the average silhouette. That which is available is generally based on the experience of researchers in their own particular field. A generally accepted criterion is that if the silhouette measure is <0.2, then the quality of the average silhouette measure across the whole sample is considered poor, between 0.2 and 0.5 indicates a fair solution and >0.5 is a good solution. 18 Initial attempts to identify clusters in the data, using comorbidity information and demographic factors, led to solutions with many clusters that were difficult to interpret. Subsequently, the data were stratified by region of residence (metropolitan vs regional/rural) and separate two-step cluster analyses performed for Melbourne metropolitan residents and Victorian regional/rural residents. Area of residence was based on the Victorian Department of Health regions based on the local government area region of residence. 19 This resulted in more meaningful clusters. The results of the cluster analyses are represented by a decision tree to show how admissions could be classified into a particular cluster.
The LOS (number of days for the first episode of care) for each episode was calculated and then compared across clusters using competing risks regression (Stata, V.11.2). 20 Discharge to private residence was defined as the outcome of interest, while competing risks were defined as death, left against medical advice and separation to an aged care residential facility. Other separation types (eg, transition care, restorative care, statistical separations) were considered censored observations. The association between cluster membership and LOS was estimated using the subhazard ratio (SHR) with the cluster with the longest median LOS used for the reference category. The SHR is interpreted similarly to an HR, in that an SHR >1 indicates an increased hazard of discharge to private residence, which corresponds to a shorter LOS.
RESULTS
There were 45 374 episodes of admissions for falls in community-dwelling older adults that met the selection criteria. Table 1 presents the characteristics of these patients. The majority of admissions were for patients residing in metropolitan Melbourne (72.8%). The distribution of episodes across metropolitan Melbourne and regional/rural Victoria did not change over the study period (χ 2 (2)=3.66, p=0.16). More than two-thirds of the admissions were for women, and more than three-quarters were in people aged 75+ years. Just under half of the admissions were for patients who were married or in a de facto relationship. Almost three-quarters had no comorbidities reported. The most commonly reported comorbidities in all cases included in this study were hypertensive disease (9.7%), diabetes (6.9%), dementia (4.7%), renal disease (4.1%) and cardiac dysrhythmias (3.7%). These characteristics were similar in people residing in the metropolitan Melbourne area and those residing in regional/rural Victoria. In contrast, a higher proportion of admissions of Melbourne metropolitan residents were of patients born in a country other than Australia (40.1%) compared with those residents in regional/rural Victoria (18.1%). For these reasons, the remaining results are presented separately for metropolitan and regional/rural residents.
Metropolitan clusters
Admissions in the Melbourne metropolitan region clustered into five distinct groups (average silhouette=0.3). Sex, age group, marital status and comorbidities contributed strongly to membership, whereas country of birth was of less importance. Figure 1 demonstrates how Melbourne metropolitan resident admissions were classified into the five clusters using a decision tree. 
Regional/rural population clusters
The analysis for admissions in regional/rural Victoria resulted in seven clusters (average silhouette=0.5), with all factors in table 1 important for determining cluster membership. Figure 2 is a decision tree demonstrating how regional/rural Victorian residents can be classified into these seven clusters. Group 1 (18.3% of admissions) comprised patients born outside of Australia. Groups 2 and 3 (9.1% and 12.1% of admissions, respectively) were Australian-born patients with comorbidities; group 2 were those currently married or in a de facto relationship, while group 3 were not currently in a relationship. Group 4 represented 17.4% of admissions and comprised Australian-born men without comorbidities. Groups 5, 6 and 7 (15.0%, 12.1% and 16.1% of admissions, respectively) were Australian-born women without comorbidities that differed according to marital status and age: group 5 members were single and aged 65-84 years, group 6 members were single and aged 85+ years, while group 7 members were currently married or in a de facto relationship, irrespective of age.
Length of stay
The association between group membership and LOS was estimated using competing risks survival analysis. For admissions of patients residing in the Melbourne metropolitan area, all clusters were significantly different from each other (p<0.001) in terms of LOS (table 2) . Patients with comorbidities had the longest LOS, followed by (in order of descending LOS) women aged 85+ years without comorbidities, single 65-to-84-year-old women without comorbidities, men without comorbidities and married 65-to-84-year-old women without comorbidities. Comparisons of LOS across the different clusters of admissions of patients residing in regional/rural areas showed that all 
-born men without comorbidities (group 4) and single 65-to-84-year-old Australian-born women without comorbidities (group 5) did not differ significantly ( p=0.08).
DISCUSSION
Several studies have highlighted the significant and increasing burden of hospitalised falls in older people. 5 7 While previous epidemiological studies have demonstrated the need for policy and practice responses to falls prevention and identified individual falls risk factors, specific groups (other than age and gender) of older community-dwelling people who should be the target for falls interventions have not been identified. This study applied cluster analysis to identify groups of hospitalised fallers, based on demographic characteristics and the presence of comorbidities, who consume a disproportionate share of hospital resources and hence could be the focus of targeting of intervention programmes.
The cluster analysis identified different population subgroups of older people hospitalised for falls residing in the Melbourne metropolitan area compared with those for people residing in regional/rural Victoria. Most notably, country of birth was more important for predicting cluster membership for regional/rural admissions (18% of regional/rural admissions were for patients born overseas) than metropolitan admissions (40% of metropolitan admissions were for those born overseas). Reasons for these regional differences are unknown, but could include differential access to healthcare or provision of community services, different fall-injury risks in the two regions such as could be associated with the built environment or different population distribution of the factors in the model between metropolitan and regional areas.
Over a quarter of falls-related admissions were for people with comorbidities. Comorbidities have previously been shown to contribute independently to the risk of falling, sustaining a fall-related injury 21 and to be prevalent in patients hospitalised for a fall or fall-related fracture (up to 37%). 22 23 The relatively high prevalence of comorbidities in patients hospitalised following a fall highlights the potential impact of these conditions on fall outcomes and opportunity to target falls prevention. Fallers with multiple comorbid chronic diseases are likely to have complex medical needs that are poorly understood. 24 Focusing on people with specific comorbidity profiles may be an effective approach; however, further research is needed to determine whether proven falls prevention strategies need to be different for people with different numbers or types of comorbidity.
The first episode of hospital care LOS for people with comorbidities was significantly longer than that among clusters with no comorbidity. This finding is consistent with a recent study of community-dwelling older people aged ≥65 years, hospitalised for a fall-related injury, in which the presence of comorbidities was significantly associated with increased LOS. 24 Several studies of older people in the community have shown that comorbidities are strong determinants of mortality, [25] [26] [27] but there has been limited research investigating the relationship between comorbid conditions and falls injury risk or outcomes. Our study suggests that one key target group for falls prevention should be older people with comorbidities, assuming that intervention strategies are just as effective for them as for other groups. It is also possible that targeting evidence-based falls interventions specifically to older people with comorbidities could reduce the impact this group has on fall-related hospital resources. Further work investigating the cost-effectiveness of falls prevention interventions and the need for complex interventions or integration of falls prevention into existing programmes for chronic disease 28 for this subgroup would be beneficial.
In this study, clusters were also defined by individual demographic characteristics, such as place of birth or age. Women aged 85+ years without comorbidities had longer LOS following a fall-related hospital admission compared with other subgroups without comorbidities (men and younger women) in metropolitan areas. In rural/regional areas, single women aged 85+ years without comorbidities were also shown to have longer LOS following a fall-related hospital admission compared with other subgroups without comorbidities (men, younger single women and married women). This subgroup may have a greater risk of more severe injury or may be more likely to be living alone and therefore may need to stay in hospital longer before they can return home. Further analysis is needed to differentiate between the combined effects of gender, age, marital status and comorbidity on LOS. The ageing of the population 13 and greater numbers of older women may have a significant impact on fall-related healthcare use and associated costs.
There are several limitations to this study. First, the presence of comorbidity was only classified as either present or absent. It is possible that the number, type and seriousness of the comorbidities may be more influential on cluster membership and LOS than whether or not comorbidity is present. However, cluster analyses become complex and difficult to interpret if too many factors are included. A study examining the prevalence and ramifications of specific combinations of chronic conditions suggested that specific comorbidity combinations can have large impacts on health or costs of care. 24 Previous studies using the CCI, which takes into account the number and health burden of comorbid diseases, have shown a significant association between increasing CCI and in-hospital mortality. 14 29 Interactions between existing comorbidities could compound health status and further impact on LOS, and distinct cluster patterns of comorbidity, such as stroke or cancer, have been previously identified in patients with fall-related injury. 22 The current study provides additional evidence that the presence of comorbidities is important in terms of falls-related hospital admission frequency and LOS and warrant further investigation. Further work is needed to identify whether specific types or combinations of comorbidities account for disproportionate hospital resources with respect to fall-related injury. Understanding distinct cluster patterns of comorbidities would enable the effective targeting of falls prevention interventions.
Second, the prevalence of comorbid conditions could be underestimated in the VAED data. As the accuracy of the VAED capture of comorbidity has not been previously evaluated, it is not possible to estimate how this might affect the identified clusters and population profiles. However, recent research has used this same database to explore links between comorbidities and LOS. 30 In addition, Australian coding standards for hospitalisation data require that only health conditions related to the current admission are recorded. While the low prevalence of comorbidity in this study was similar to a recent Victorian study, 30 higher rates of comorbidities in older community-dwelling people (up to 50%) have been reported in the USA and Europe. 11 31 Third, while the VAED is subject to regular audits that indicate good-to-excellent diagnosis and procedure coding quality, 32 it lacks a system-wide unique patient identifier. This means that we could only analyse unlinked episodes of care. To minimise the likelihood of including repeat admissions in our data set, we applied case selection restriction criteria that have previously been shown to be optimal for identifying incident falls cases. 33 Internally linked ( person-identifying) hospital discharge data on hip fractures provide a more accurate estimate of hip fracture incidence and the prevalence of some comorbid conditions than episode-based data. 22 The lack of linked hospitalisation data did not allow us to use retrospective data to improve the identification of comorbid conditions. 34 Finally, cluster cohesion was higher in regional/rural Victoria compared with the Melbourne metropolitan region; for regional/rural clusters, the silhouette measure indicated the solution was good, while for metropolitan clusters, the solution was only fair. The inclusion of different demographic characteristics and fall risk factors may have resulted in more cohesive clusters and more accurate reflection of the impact of comorbidity and other characteristics on fall outcomes. However, we were restricted by the data available in the VAED. Further research is needed to understand the association of comorbidity with increased healthcare use and would be enhanced by using linked data and comorbidity measures such as the CCI.
Importantly, this analysis has identified a number of different groups of older people with similar characteristics at whom prevention programmes could be targeted. In regional/rural areas, targeting people born overseas may be a feasible falls prevention strategy and could be more effective than a generalised falls prevention programme aimed at all community-dwelling people. Cost-benefit analyses and further epidemiological modelling should be undertaken to determine whether greater falls reductions in these specific subgroups are needed in order to achieve the same reduction in hospitalisations that might be achieved with a more multifaceted population-based approach. It is also currently unknown whether falls interventions, shown to be effective in general patient randomised controlled trials, will result in the same level of falls reduction among the specific subgroups identified in this study, such as those with comorbidity.
CONCLUSION
This study has identified distinct clusters of people, based on selected individual and demographic characteristics, who are admitted to hospital for falls and who use the greatest proportion of hospital resources. Patients with comorbidity, and women aged 85 years and older without comorbidities, stay in hospital longer following a fall than do other population clusters and hence consume a disproportionate share of hospital resources for fall-related hospital admissions. For this reason, subgroup targeting at the population level could begin with these groups. Overall, these findings have important implications for the targeting and implementation of falls prevention interventions for community-dwelling older people.
What is already known on the subject ▸ Previous epidemiological studies have demonstrated the need for policy and practice responses to falls prevention and identified individual falls risk factors. ▸ Specific groups (other than age and gender) of older community-dwelling people who should be the target for falls interventions have not been identified. ▸ It is recognised that older people with comorbidities have worse health outcomes following an injurious fall than do those without comorbidities.
What this study adds
▸ Different population subgroups of older people hospitalised for falls prevention were identified in residents of metropolitan areas and regional/rural areas. ▸ Patients with comorbidity, and older women, stay the longest in hospital following a fall and hence consume a disproportionate share of hospital resources. ▸ Targeting these subgroups, using a population-level approach to falls prevention, could have a large impact on health outcomes and hospital resource use. Competing interests None.
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